Background. Fibulin-3 (Fib-3) is a new potential biomarker of articular cartilage metabolism.
Introduction
Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease associated with synovial inflammation as well as cartilage and bone destruction. Production of proinflammatory cytokines: tumor necrosis factor (TNF), interleukin-6 (IL-6) and interleukin-17 (IL-17), causes the release of proteolytic enzymes, matrix metalloproteinases, and degradation of the connective tissue of the joint. Cartilage metabolism may be monitored with evaluation of the synthesis and degradation of cartilage products. Biological markers are the object of increasing interest in diagnostics and osteoarthritis (OA) monitoring. 1 In the case of rheumatoid arthritis, attempts have been made for many years to find biomarkers which would facilitate monitoring the activity of the disease and predicting the response to treatment in RA patients. Indicators of the disease activity -erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) -as well as prognostic factors like rheumatoid factor (RF), anti-cyclic citrullinated peptide (aCCP) and others, applied in everyday rheumatology practice seem to be insufficient. An analysis of single indicators in laboratory diagnostics for cartilage damage in the course of rheumatoid arthritis or osteoarthritis may not be of much use; however, combining several indicators could make the task easier.
Fibulin-3 (Fib-3), also known as an epidermal growth factor containing a fibulin-like extracellular matrix protein-1 (EFEMP1) and an epidermal growth factor (EGF) containing fibulin-like ECM protein, is an extracellular glycoprotein (one of 7 members of the fibulin family). During development, fibulin-3 is expressed in the mesenchyme, stimulating the growth of bone and cartilage structures. Fibulin-3 stimulates the expression of the tissue inhibitor of metalloproteinase-1 (TIMP-1) and tissue inhibitor of metalloproteinase-3 (TIMP-3), and inhibits the expression matrix metalloproteinases MMP-2, MMP-3 and MMP-9. It also inhibits angiogenesis. 2 Recently, Wakabayashi et al. showed that the over-expression of fibulin-3 in the clonal murine cell line negatively regulated chondrocyte differentiation. 3 Compared to age-matched healthy subjects, median levels of serum Fib-3 were elevated in osteoarthritis patients. These findings indicate that Fibulin-3 peptides (Fib3-1 and Fib3-2) may constitute a potential biochemical marker of articular cartilage metabolism. 4 Fibulin-3 is present in various tissues, including the eye and blood vessels. It is highly expressed in epithelial and endothelial cells and is located in their basement membranes. 2 The cartilage oligomeric matrix protein (COMP), also designated as thrombospondin 5 (TSP5), is a well-known 425-kDa non-collagenous glycoprotein present in the extracellular matrix of the articular cartilage. COMP was also found in other tissues, including the synovium and tendon. COMP has shown promise as a potential biomarker for monitoring the progression of destruction of the joint cartilage, both in osteoarthritis and in rheumatoid arthritis. 5 Type II collagen is the basic type of collagen building the articular cartilage; therefore, the urinary C-terminal telopeptide of type II collagen (CTX-II) -indicator of cartilage degradation, as well as procollagen II C-propeptide (PIICP) -marker of type II collagen synthesis in the cartilage, may also be helpful in assessing the degree of cartilage damage in arthritis. 6 MRP8/14 is a myeloid-related protein also known as calprotectin, S100A8/A9 or calgranulin A and B, released from activated granulocytes and macrophages in the synovium and synovial fluid during inflammation. Calprotectin causes proinflammatory effects in vitro on phagocytes and endothelial cells, and promotes inflammation in vivo.
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MRP8/14 is a potentially more sensitive biomarker of disease activity in rheumatoid arthritis than conventional inflammatory indexes such as the erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), because it directly reflects inflammation in the synovium. 8 The aim of the study was to evaluate the effect of anti-TNF therapy on serum fibulin-3, COMP, PIICP, and urinary CTX-II levels in relation to calprotectin and disease activity in rheumatoid arthritis patients.
Patients and methods
A total of 35 female patients with RA classified according to the revised criteria of the American College of Rheumatology 1987 were qualified for the study. Patient characteristics are shown in Table 1 . All the patients had active diseases (Disease Activity Score 28 -DAS28 > 5.1) and did not achieve remission after the application of at least 2 synthetic disease-modifying drugs. Anti-TNF treatment was administered over a 9-month period. Moreover, the study group was divided into patients who responded well to the anti-TNF treatment -called group of responders -comprising patients with remission (DAS28 < 2.6) and patients with low diseases activity (DAS28 < 3.2), and into those who did not react to the treatment in a sufficient way -group of non-responders (DAS28 > 3.2). Patients were also given methotrexate and prednisone in a stable dose. The erythrocyte sedimentation rate and C-reactive protein level were assayed with routinely used methods. A total of 28 joints (proximal inter-phalangeals 1-5, metacarpophalangeals 1-5, wrists, elbows, shoulders, and knees) were assessed with regard to swelling and pain. DAS28 was calculated as the disease activity index. Hemoglobin concentration was taken into account in the study group. According to recent findings, it may be closely related to the disease activity and progression of radiological changes in patients with RA.
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Statistical analysis
The obtained results were expressed as mean ±stan-dard deviation (SD). Significant difference was determined by adopting a limiting error value equal to 95%, which corresponds to p < 0.05. Calculations for dependent samples were carried out using the Wilcoxon non-parametric pair test. The Mann-Whitney U test was used to carry out comparisons between the groups. An analysis of correlations was conducted using Spearman's R rank correlation. Meanwhile, multiple regression analysis was applied in order to determine the existing interdependences. Table 2 presents the concentration of fibulin-3, COMP, uCTX-II, PIICP, and MRP8/14, values of ESR, CRP, DAS28, the number of painful and swollen joints, and the concentration of hemoglobin in the serum of RA patients before and after the treatment, divided into responders (63%) and non-responders (37%), as well as the mean values of the Table 2 . The results (mean ±SD) regarding fibulin-3, COMP, uCTX-II, PIICP, MRP8/14, ESR, CRP, DAS28, TEN, SW, and HGB before the treatment (baseline) and after 9 months of anti-TNF therapy
Results
Markers
All patients (n = 35)
Non-responders (n = 13) Control group (n = 10) baseline after therapy baseline after therapy baseline after therapy ESR -erythrocyte sedimentation rate; CRP -C-reactive protein; DAS28 -diseases activity score 28; TEN -tender joint count; SW -swollen joint count; HGB -hemoglobin concentration; * statistical significance of the difference (baseline vs after therapy) p-value < 0.05; ** statistical significance of the difference (all patients before treatment (baseline) vs control group), p-value < 0.05; *** statistical significance of the difference (non-responders before treatment (baseline) vs control group), p-value < 0.05.
abovementioned parameters (with the exception of ESR, CRP, DAS28, the number of painful and swollen joints, and the hemoglobin concentration) measured in the control group. The mean serum concentration of fibulin-3 in RA patients before the treatment did not differ significantly from the mean serum concentration of fibulin-3 in the blood serum of women from the control group.
Statistically significant higher mean concentration of fibulin-3 compared to the mean concentration of fibulin-3 in the serum of healthy women was noted prior to treatment in the group of women with a worse response to the anti-TNF therapy (non-responders).
After 9 months of treatment, a statistically significant decrease in the mean concentration of fibulin-3 was observed in the serum of all patients with rheumatoid arthritis, treated with TNF inhibitors, both in the group of responders and in the group of non-responders.
No statistically significant difference was noted between the mean concentration of COMP in the serum of patients from the study group before the treatment (including responders and non-responders) and the mean concentration of COMP in the serum of healthy women. After 9 months of anti-TNF therapy, no significant changes were noted in the mean concentration of COMP in the serum of RA patients, although the overall trend showed a decrease in the concentration of COMP after the treatment (Table 2) .
No statistically significant difference was noted between the mean concentration of PIICP in the serum of patients from the study group before the treatment (including responders and non-responders) and the mean concentration of PIICP in the serum of healthy women. After treatment, no statistically significant differences were observed in the mean concentration of PIICP in the serum of RA patients. However, the overall trend showed an increasing concentration of PIICP after the treatment ( Table 2 ).
The mean uCTX-II concentration in patients constituting the control group did not differ from the mean uCTX-II concentration in women from the control group. The uCTX-II concentration in RA patients did not change significantly following the treatment. Only after taking into account the responders and non-responders in the study group was it stated that a statistically significant decrease of uCTX-II concentration in urine for women treated with TNF inhibitors was observed in the group that did not respond to therapy properly.
A statistically significant higher mean concentration of MRP 8/14 was noted in the serum of RA patients before the treatment compared to the mean MRP8/14 concentration in the serum of healthy women. After 9 months of observation, a significant decrease of the mean concentration of MRP8/14 was noted in the serum of patients after anti-TNF therapy, both in the group which achieved its therapeutic goal (low disease activity or remission) and in those patients who did not experience a decrease of the DAS28 value <3.2.
The ESR, CRP level, the DAS28 index, as well as the number of painful and swollen joints were decreased in all patients following the treatment. A decrease in CRP concentration in serum was not statistically significant in the group of patients with insufficient response to therapy. Following anti-TNF therapy, the concentration of hemoglobin increased significantly in all patients as well as in the group of patients who positively responded to the treatment. Such a tendency was not observed in the group of non-responders.
Correlations between fibulin-3 and the remaining parameters in the study groups are presented in Table 3 .
In the group of RA patients, a statistically significant correlation was observed between the concentrations of fibulin-3 and COMP in the serum before the treatment. A positive significant correlation was also noted between the concentrations of fibulin-3 and DAS28 before the treatment. Following anti-TNF therapy, a significant positive correlation was observed between the concentrations of fibulin-3 and selected inflammatory indexes (ESR and CRP) in the entire group of patients. After the treatment, a significant positive correlation between fibulin-3 and CRP concentrations was observed also in the group of responders. Moreover, in this group there was a significant correlation between fibulin-3 and COMP concentrations. In the study groups, no other significant relations were stated between fibulin-3 and the remaining tested indicators of cartilage metabolism, inflammatory indexes, painful and swollen joints, and hemoglobin concentration.
In the group of healthy women who constituted the control group, no statistically significant correlations were noted between fibulin-3 and COMP, uCTX-II, PIICP, and MRP8/14.
In the group of RA patients, relations between the remaining cartilage metabolism markers (uCTX-II, PIICP, COMP) and inflammatory indexes were small. A significant negative correlation was shown in the entire group of patients between PIICP and CRP concentrations (R = −0.505; p < 0.005) before the treatment, and between uCTX-II and DAS28 (R = −0.348; p < 0.05) after the treatment. In the group of non-responders, a correlation was noted between the COMP concentration and SW (R = 0.589; p < 0.005) following the treatment. Moreover, a correlation between PIICP and hemoglobin concentrations (R = 0.752; p < 0.005) was stated in this group before the treatment.
Correlations between MRP8/14 and the remaining parameters in the RA patients' groups are presented in Table 4. A statistically significant positive correlation between MRP8/14 and ESR and CRP was observed before the treatment in the entire group of RA patients and in the group of responders. However, such a relation did not occur in those groups after the treatment, nor did it appear in the group of non-responders. In the group of responders, a significant correlation after the treatment was reported only between MRP8/14 and the number of painful joints. In the group of non-responders, a significant negative correlation between MRP8/14 and hemoglobin concentrations was observed before the treatment. In none of the tested groups of RA patients were there statistically significant relations observed between the serum MRP8/14 concentration and the serum COMP and PIICP concentrations and uCTX-II.
In the control group, a significant negative correlation was noted between the serum MRP8/14 level and uCTX-II (R = 0.709; p < 0.05).
The conducted multivariate regression analysis with a dependent variable fibulin-3, and independent variables such as the concentration of COMP, uCTX-II, PIICP, MRP8/14, ESR, CRP, TEN, SW and hemoglobin concentration in RA patients after 9 months of anti-TNF therapy, has shown a significant positive correlation between the concentration of fibulin-3 in serum and the concentration of CRP (β = 0.550; p = 0.000).
The multivariate regression analysis (multi-factor analysis) with a dependent variable MRP8/14, and independent variables -cartilage metabolism markers -such as the concentration of COMP, uCTX-II, PIICP, and fibulin-3 in RA patients after 9 months of anti-TNF therapy, has shown a significant negative correlation only between the concentration of PIICP in serum and the concentration of serum MRP8/14 (β = −0.408; p < 0.05).
Discussion
One of the more important and interesting discoveries in recent years involved the identification of fibulin in the serum of osteoarthritis patients. Henrotin et al. suggest that fibulin-3 peptides (Fib 3-1 and Fib 3-2) are potential biomarkers of osteoarthritis. 4 The search for reports on fibulin-3 in patients with rheumatoid arthritis in the Medline database returned no results. In rheumatoid arthritis, just like in osteoarthritis, articular cartilage is damaged. Also, the pathomechanism of this phenomenon seems to be different. Advanced destructive changes may be confirmed by imaging tests (MRI, USG or X-ray), but so far no biochemical marker or group of biomarkers have been found. That would probably allow for a quicker and more precise monitoring of cartilage damage, and help with the identification of groups of patients more or less responsive to modern treatment, thus enabling quicker therapy verification.
The obtained results indicate a lack of differences in the concentration of fibulin-3 in serum between RA patients and healthy individuals (only in the group of non-responders was the concentration of fibulin-3 before the treatment higher than in the control group).
In RA patients treated with anti-TNF inhibitors, a statistically significant decrease of fibulin-3 concentration in serum was observed after the treatment. Interestingly, the concentration of fibulin-3 was decreased both in the group of responders and in the group of non-responders. Lack of literature data regarding this issue makes it impossible to compare the obtained results with those of other authors. Increased concentration of fibulin-3 peptides in serum (Fib3-1 and Fib3-2) was described only in osteoathritis patients. 4 The results of this work suggest that TNF blockade modifies the release and expression of fibulin-3 in RA patients. This is also illustrated by the fact that after the treatment, and therefore after lowering the degree of inflammation, the concentration of fibulin-3 in serum strictly correlated with the value of ESR and CRP in the entire group of RA patients (in the group of responders -correlation only with CRP concentration). Such a relation was not observed between fibulin-3 and MRP8/14, although Garcia-Arias et al. stated that serum MRP8/14 levels strongly correlated with laboratory assessments of joint inflammation in RA patients (ESR and CRP). 8 With regard to the relation between fibulin-3 and other biomarkers of cartilage metabolism assessed in this study, the concentration of fibulin-3 in the group of RA patients did not correlate (both before and after the treatment) with the concentration of urinary CTX-II and the concentration of PIICP in serum. Contrary to the observations of Marotte et al., the concentrations of uCTX-II and PIICP did not significantly differ between the tested group before the treatment and the control group. 10 Moreover, these concentrations did not change in a statistically significant way following 9-month anti-TNF therapy (except for the significant decrease of uCTX-II concentration in the group of non-responders). Meanwhile, the lack of changes in uCTX-II concentration for RA patients during the treatment coincides with the observations of Marotte et al., conducted during a 1-year observation of patients treated with infliximab. 10 The concentration of COMP in the serum of RA patients did not change after anti-TNF therapy as well. On the other hand, Crnkic M. et al. described in their report the decrease of COMP concentration in the serum of RA patients treated with infliximab or etanercept. 11 Meanwhile, in this work a statistically significant correlation was observed between the concentrations of fibulin-3 and COMP in RA patients before the treatment and after the treatment in the group of responders.
The concentration of MRP8/14 was higher in the group of RA patients before the treatment than in the control group, and it decreased in a statistically significant way in all groups of RA patients after anti-TNF therapy, which is in accordance with the results obtained by other authors. 8 As expected, after the treatment, the values of ESR, CRP, DAS 28, TEN, and SW decreased, but not all patients achieved remission or low disease activity.
After the treatment, a significant increase was noted in hemoglobin concentration in all groups of RA patients (also in the group of responders and non-responders). However, its concentration did not correlate with the concentration of fibulin-3 before or after the treatment.
It seems that further studies are needed in order to gain a better understanding of the role of fibulin-3 in the cartilage metabolism of RA patients.
The correlation the cartilage biomarkers with other inflammatory factors such as tumor necrosis factor, interleukin-6 and interleukin-17 seems to be a very interesting subject for further investigations.
Conclusions
Higher concentration of fibulin-3 in the serum was found in RA patients who did not respond to the treatment in a sufficient way (non-responders).
During the anti-TNF therapy, the serum fibulin-3 level decreased in patients regardless of whether they achieved remission or low disease activity.
The concentration of fibulin-3 correlated with CRP and ESR after the treatment in the entire group of patients.
No correlation between fibulin-3 and MRP8/14 was observed in the study group (before and after the treatment) nor in the control group.
A correlation between fibulin-3 and COMP in the group of RA patients before and after the treatment was observed only in the group of responders.
The analysis of multivariate regression indicated that the concentration of C-reactive protein in serum is the most significant parameter (assessed in this work) with which the concentration of fibulin-3 in serum correlates.
